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Abstract—In this paper we explore the concept of “ecosys-
tem” as a metaphor in the development of the digital economy. 
We argue that the modelling of social ecosystems as self-
organising systems is also relevant to the study of digital eco-
systems. Specifically, that centralised control structures in 
digital ecosystems militate against emergence of innovation 
and adaptive response to pressures or shocks that may impact 
the ecosystem. We hope the paper will stimulate a more holistic 
approach to gaining empirical and theoretical understanding 
of digital ecosystems. 
 
Index Terms—digital ecosystems, self-organisation, collabo-
rative working, social-ecosystems, digital economy. 
I. INTRODUCTION 
Although we have used a modification of the title of 
Lord May‟s landmark treatise in theoretical ecology [15], 
we do not intend any comparison to be made with regard to 
the potential impact of this paper. Rather, we use the title to 
highlight the importance of progressing from the use of the 
term “Ecosystems” as a metaphor in the study of Digital 
Ecosystems, to the development of a theoretical foundation 
of Digital Ecosystems.  In this paper we will explore a 
number of theoretical and empirical advances in the study 
of natural- and social-ecosystems, and draw out a number of 
hypotheses that can be explored to assess their relevance to 
the study of digital ecosystems. 
Boley and Chang [2] proposed a definition of a digital 
ecosystem, based on analogy with their own definition of 
ecosystem in the purely biological sense. In their view, a 
digital ecosystem was: 
“an open, loosely coupled, domain clustered, demand-
driven, self-organising agent environment, where each agent 
of each species is proactive and responsive regarding its 
own benefit/profit (…) but is also responsible to its sys-
tem.” 
A key feature of this is that agents join freely and of their 
own volition. This is in contrast to a tightly coupled organi-
sation in which the agents have pre-defined roles. The focus 
is very much on the autonomy of individual agents, and 
hence the global properties and institutions of such an eco-
system emerge (primarily) through self-organisation. This is 
a radical and potentially disruptive concept. However, we 
will argue later in this paper that current digital infrastruc-
tures constrain the emergence of properties and institutions, 
and instead impose such from outside the ecosystem. 
To this end, we would like to work from a definition of 
an ecosystem that is at a higher level of abstraction. This is 
purely for the purposes of the discussion in this paper, and 
not intended as an alternative to the above definition, which 
we fully support. 
We take as our starting point the Arthur Tansley‟s 1935 
definition of an ecosystem as, [24]: 
“An interactive system established between living crea-
tures and the environment in which they live.” 
With regards to a digital ecosystem, we want to hold 
back any discussion around “living” for the moment, and so 
work with the following: 
“A digital ecosystem is an interactive system established 
between a set of active agents and an environment within 
which they engage in common activities.” 
Note that, consistent with this definition, it is possible for 
a given agent to interact in multiple digital ecosystems. 
“Agents” include (but might not be limited to) providers of 
software services, information sources, and human agents. 
The environment is a combination of a socio-economic con-
text and a digital infrastructure. We will argue that the na-
ture of the latter, the digital infrastructure, can impact (un-
desirably at present) on the properties that emerge in the 
ecosystem. 
Our view is that the concept of species, even in natural 
ecosystems, has some difficulties. Nevertheless, it is diffi-
cult to engage in any dialogue on ecosystems without some 
reference to species, and it can be useful of course. Boley 
and Chang referred to species as “types of agents” [2]. We 
concur with that, but it still leaves open the question of how 
we define a taxonomy for digital ecosystems? 
We don‟t want to address that question in this paper. 
However, we would like to work with a fragment of a tax-
onomy for the purposes of discussion. In commerce, a busi-
ness enterprise can be viewed as providing a set of services. 
In that such an enterprise provides a higher level of organi-
sation to an individual service, we might consider (business) 
enterprises as species within an ecosystem. This equating of 
enterprise with species will be particularly useful when we 
come to discuss response diversity in digital ecosystems. 
In the next section we illustrate the importance of inno-
vation processes in sustaining ecosystems. After that we in-
troduce some key concepts in ecological modelling, follow-
ing [12]. We then outline some of the issues with current 
digital ecosystems before returning to the modelling of so-
cial-ecosystems. Finally, we conclude with some pointers to 
a research agenda for the science of digital ecosystems. 
 Paul J. Krause, Fellow, IMA, Amir R. Razavi, Sotiris Moschoyiannis, Member, IEEE, and Alexandros Marinos 
 
Department of Computing, Surrey University, Guildford, GU2 7XH, UK 
e-mail: (p.krause, a.razavi, s.moschoyiannis ,a.marinos)@surrey.ac.uk 
Stability and Complexity in Digital Ecosystems 
  
 
II. THE K-T EXTINCTION EVENT 
The non-avian Dinosaurs and certain marine creatures 
were subject to a massive extinction event at the Creta-
ceous-Tertiary (K-T) boundary, about 65 Million Years 
ago. The current preferred theory seems to be that this was 
triggered by a massive meteorite impact at Chicxulub in 
what is now North-east Mexico. There is little doubt that 
this meteorite impact did cause widespread disruption to the 
global environment. However, it is less clear that this was 
the sole “impactor” on the inhabitants of the earth. Even 
more importantly, evidence is emerging that this did not 
even coincide with a period in which there was a net loss of 
biodiversity on the planet. Rather, the reductions in certain 
populations were being countered by ongoing speciation 
activities in other groups of species.  
The first point to note is that the meteor impact was not 
the only major event that was effecting the physical envi-
ronment of the time. In addition, the K-T boundary of 65 
million years ago marked the final stages of the break up of 
the supercontinent Pangea into the broad continental struc-
ture that is now seen. This was a gradual process that started 
some 225 million years ago. The period from 135 million 
years ago (Jurassic Park time!) to 65 million years ago saw 
the separation of the plates that form North America and 
Eurasia, and the plates that form South America, Antarctica 
and Australasia. As well as this fragmentation of what were 
formerly massive continental areas, the continuing plate 
movements were beginning to form many of the topological 
features (mountains and high altitude plateaus) that are now 
homes to large pools of endemic species.  
As an example, the huge sauropod footprints that were 
discovered in Croatia by a team led by Michael Caldwell of 
the University of Alberta (but published by Mezga et al, 
Cretac. Res. 27, 735-742, 2006 – such is the cutthroat world 
of scientific research!) were laid down about 95 million 
years ago. As well as the important paleontological signifi-
cance, these also represent the most recent signs of life on 
what is known as the Adriatic-Dinaric platform before is 
sunk below sea level 94 million years ago. This is clear evi-
dence of niche removal for certain dinosaur species in one 
specific area.  
 
Fig.1  A major speciation event occurred prior to the dinosaur extinction, 
perhaps triggered by continuing changes in the Earth‟s geomorphology. 
Simultaneous to this niche destruction process that ap-
pears to have provided an adverse selection pressure on 
non-avian dinosaurs, recent evidence indicates that there 
was on going speciation amongst both mammals [1] and the 
avian fauna [3].  Bininda-Emonds et al, [1] have con-
structed a near complete species phylogeny for the extant 
mammals. This includes estimates of divergence times using 
a combination of gene alignment techniques and fossil cali-
bration points. A key result was their identification of two 
periods of diversification. The first was from 100-85 Mil-
lion years ago. Again note that this coincide with the final 
stages of the break up of the supercontinental landmasses, 
although at the moment this is only a statement of coinci-
dence and needs further theoretical investigation. The sec-
ond appeared in the early Eocene, yet at approximately 50 
millions years ago this was significantly after the K-T 
boundary. A key conclusion of [1] is that this “challenges 
the hypothesis that the end-Cretaceous mass extinction 
event had a major influence on the diversification of today‟s 
mammals”. 
Our proposal is that the K-T extinction event was a (fi-
nal) perturbation in a long-term species innovation process 
that was driven by the continued break up and change to the 
topologies of the supercontinental landmasses. By the time 
of the final extinction of the dinosaurs, landmasses were 
significantly fragmented, separated by large bodies of water 
and undergoing significant topological changes due to tec-
tonic activity. Overall, this led to acceleration in the Birth 
Death Innovation Model that underpins the evolution of 
biodiversity on this planet. Finally, and most importantly in 
terms of its relevance to our claims about the importance of 
support for SMEs in a DE, the long tail of rare species 
played a critical role as a pool of innovation during this ad-
aptation of the natural ecosystem in response to this long-
term period of niche creation and destruction.  
III. MODELS OF SOCIAL-ECOSYSTEMS 
A primary goal behind our studies of ecological model-
ling for digital ecosystems is the avoidance of premature 
commitments to specific technological solutions or direc-
tions; the art of engaging with new communities is to leave 
your baggage and preconceptions behind. Instead, we will 
adhere to two guiding assumptions: 
Firstly, our core research should focus on generative and 
disruptive, rather than “sterile”, technologies; 
Secondly, minimizing the imposition of centralised con-
trol or organisation will enhance the ability of the Digital 
Economy to empower or transform a given socio-economic 
context. 
The two assumptions are closely related, and could be 
summarised as a target of transforming the Digital Economy 
into a complex adaptive system, where institutions emerge 
and evolve through local interactions and memory. 
These are, of course, assumptions. Their validity must be 
established through both empirical and theoretical studies. 
  
 
A. Adaptive Cycles, Resilience and Trans-
formation 
The concept of “ecosystem” is increasingly being used as 
a metaphor in business and systems thinking. In itself, this is 
a more inclusive view than the more traditional hierarchical, 
or value-chain models – it provides greater acknowledge-
ment of the importance of a community as a whole in sus-
taining value creation. However, one can go much further in 
using the metaphor to drive the development of models that 
have real value in understanding and facilitating transforma-
tion in the Digital Economy. 
The adaptive cycle concept emerged from studies of re-
gional development and ecosystem management that were 
conducted in the 1980‟s and 90‟s [11].  The concept of a 
climax community is well understood in natural ecosystems. 
This corresponds to the K or Conservation phase of the 
adaptive cycle in Figure 1. But established business or sta-
ble socio-economic ecosystems also have an analogous K 
phase in which interventions and controls are typically cho-
sen to maintain or streamline the delivery of the ecosys-
tem‟s outputs.  
At some time, a change in either an internal or an exter-
nal variable may trigger a transformation to the  or release 
phase (e.g. a forest fire, in a natural system, or the shift from 
a product oriented to a service oriented market place in the 
case of business ecosystems). The system may then respond 
with reorganisation before moving back through exploita-
tion into a new (and possibly qualitatively different) conser-
vation phase. 
 
Fig.2  The adaptive cycle 
The above adaptive cycle works well as a metaphor for 
many social-ecological systems. It also provides a useful 
framework for posing research questions and structuring 
simulations/experiments in Digital Ecosystems [12]. 
An important extension of this is that in most systems 
there is a hierarchy of such cycles (usually working on dif-
ferent timescales). A change in system variables in one level 
can trigger change in other levels. Typically a large business 
will hope to work in “K” sector. But a change in the higher-
level business environment can trigger transition to  and 
then . Note that if the response is not effective, the cycle 
can exit at “r”.  
Both natural and social/business ecosystems will demon-
strate a degree of resilience to external change or shocks 
whilst in the K sector. In part a certain level of response di-
versity in the face of external change can provide this. Con-
trast the coral reefs of Great Barrier Reef (GBR) to those of 
the Caribbean. There is much higher species diversity in 
GBR. This in turn means that the various (trophic) func-
tional groups in GBR have significantly enhanced response 
diversity compared with the coral reef ecosystem in the Car-
ibbean. Broadly, this is what is currently providing the GBR 
with greater resilience than the coral reefs of the Caribbean 
(where there has been an 80% decline in hard corals). 
This metaphor of response diversity in business ecosys-
tems suggests that SMEs are a major factor in maintaining 
resilience of the ecosystems in the face of extreme events. 
This hypothesis is not established, but it does raise interest-
ing research questions that can be addressed through simu-
lations and comparative analyses of real-world case-studies. 
(It is appropriate that this paper was written in a time of fi-
nancial uncertainty where resilience will be tested to the 
full.) 
In general, resilience is a property that emerges from a 
range of features in any complex system. The mistake is of-
ten to use simple interventions to try to control a system in 
the face of some external pressure or shock, without consid-
ering, or even being aware of, all the variables that impact 
on the stability of the state of a complex ecosystem.  
A number of case studies on the resilience of a range of 
social-ecosystems can be found in [12].  Some key lessons 
can be drawn from this: 
Interventions are often planned without taking into ac-
count, or even being aware of, one of the key variables of 
the ecosystem; 
Interventions are planned on individual components of a 
complex system, without modelling how the system may 
adapt as a whole to these changes of individual components; 
Ill-conceived interventions can impact on the resilience 
of an ecosystem to withstand extreme events;  
Without carefully modelling the impact of an interven-
tion, we may trigger an unrecoverable transition from one 
stable state to another (for example, the transformation of 
species rich sawgrass communities to single species stands 
of cattail, in the Florida Everglades). 
In the case of business ecosystems, we believe SMEs 
play a critical role in maintaining the response diversity in 
the face of global change. However, as will be discussed 
shortly, SMEs are not fully engaged in the Digital Econ-
omy, and in many cases are seriously disenfranchised from 
it. 
The importance of understanding the dynamics arising 
from the complexity of ecosystems and “panarchies” of 
ecosystems is not just in understanding how to maintain a 
valued ecosystem. It also helps us to understand the vari-
ables that impact on our ability to transform an ecosystem 
into a new, more desirable, state. 
This has provided a short introduction to a number of 
key concepts. Before extending this to cover sustainability 
and the important enhancements of memory and intention 
that are needed for the study of social ecosystems, we will 
provide an overview of the current situation with digital 
ecosystems. 
  
 
IV. AN INCLUSIVE DIGITAL ECOSYSTEM FOR SMES 
In the EU-27, the percentage of enterprises‟ total turno-
ver from e-commerce via the internet doubled between 
2004 and 2007, passing from 2.1% (2004) to 4.2% (2007) 
of total turnover [8].  However, for B2B transactions among 
SMEs, on average only about 11% of SMEs use software 
solutions or internet-based services for e-procurement. 
Moreover, there is a massive gap between the percentage of 
SMEs placing at least some orders online  (53% of total) 
and those that use special software for this (only 11% of to-
tal). SMEs without special software place orders mainly 
through websites or extranets of suppliers [9]. The result is 
a lack of digital back-office integration of procurement-
related processes among European SMEs.  
As discussed in [7] a major barrier to the expansion of 
use of B2B amongst SMEs is that the current standards for 
web service coordination require a central coordinator. 
Even where there is a natural hub for the business activities, 
this can provide a threat to the local autonomy of the partic-
ipating SMEs – the web service coordinator will have 
access to business state, business logic and data about traf-
fic that can help in enforcing a level of governance on the 
participating SMEs, and also inform acquisition policies of 
the coordinator. A distributed coordination model for long-
running business transactions that aims to alleviate such 
concerns has been proposed in [17,20]. 
However, these are not the only barriers to adoption of 
digital innovation amongst SMEs. Our own studies in the 
Cambridge region indicate more fundamental issues need to 
be addressed, including: Intense frustration at the lack of 
interoperability and loss of core business time; An already 
low ICT take up. 
This situation is frustrating a potential expansion of the 
digital economy that would be of major significance. The 
focus on networking, collaboration and cooperation contin-
ues to develop in modern business processes [14], and is 
especially important amongst communities of SMEs. 
Greater inclusion into a technology enabled business land-
scape will enhance their capacity for achieving a form of 
“competitive co-evolution” [18]. We believe this model is 
especially relevant to the information-based industries that 
are becoming increasingly important in the redevelopment 
of the UK economy. 
The tourism industry provides an example of the strong 
contrasts in inclusivity of the Digital Economy [4]. Increas-
ingly, consumers rely on the Internet to search for informa-
tion, and book their vacation. Yet, while many of the more 
satisfying (and socio-ecologically sensitive) vacation ex-
periences can be found and booked through “micro-
tourism” websites, these are easily eclipsed by the mega-
tourism sites such as Travelocity and Expedia. 
The barriers to adoption are not just technological. Evans 
at al [10] found that: 
Micro and small tourism enterprises don‟t identify them-
selves with the mainstream tourism industry; 
The lifestyle choice of owner-operators often militates 
against their take up of ICT; 
In addition, tourism SMEs tend to rely in intermediaries 
for their marketing and so have limited bargaining power in 
the distribution channel [6]. Our own work with the UK 
Technology Strategy Board and Regional Development 
Agencies indicates that these problems arise repeatedly 
across many SME sectors. 
The key lesson we want to draw from the above is that 
the development of digital ecosystems needs to take into 
account the social perspectives of its members. To that ef-
fect we now return to ecological modelling and expand this 
to discuss inclusion of the socio-economic context in the 
models. 
V. RESPONSE AND SUSTAINABILITY 
So far, we have emphasised the importance of response 
diversity in providing a degree of resilience to shocks on an 
ecosystem. However, this may not be sufficient to guarantee 
recovery of an ecosystem. In addition, it is not only shocks 
that may trigger the transition of an ecosystem from the K 
(conservation) phase to the Ω (release) phase of the adap-
tive cycle, and its subsequent reorganisation into a qualita-
tively different regime. There is good empirical evidence 
from natural ecosystems that in certain circumstances they 
can respond catastrophically to a gradual increase in stress. 
A. Catastrophic responses 
We will summarise the discussion from Scheffer et al. in 
this sub-section [23]. For simplicity we will only consider 
one ecosystem state variable, and one impacting state vari-
able. A common assumption in ecosystem management is 
that some increase in stress on that ecosystem will lead to a 
steady and gradual change in its state (figure 3, below). 
 
Fig.3  Naive model of ecosystem response to stress 
This supports a comfortable feeling that if the ecosystem 
state deteriorates below an acceptable level for certain 
stakeholders, then it may be recovered simply by reducing 
the stress. That is, a K to Ω transition may be reversible. 
Unfortunately, as we will describe in a concrete example 
shortly, a given ecosystem may support (at least) two stable 
equilibrium states over a range of environmental conditions. 
In such a scenario, the ecosystem may be relatively inert to 
change in stress over a certain range of conditions, but then 
respond with a catastrophic switch to a new stable state 
  
 
once the environmental stress exceeds a certain threshold 
(point F2 in figure 4 above). 
Two key issues arise. Firstly, given the relatively benign 
initial response of the ecosystem to the environmental 
stress, the catastrophic switch to a new stable state will typi-
cally be hard to predict and prepare for. Secondly, given the 
hysteresis effect of such a response curve, a very significant 
reduction in stress level will be needed before the ecosys-
tem will transition back to the upper branch (point F1 in fig-
ure 4). Indeed, it can happen that the point F1 is to the left 
of the origin, and hence not reachable through a simple re-
duction in the stress factor that lead to the transition to the 
lower branch. 
 
Fig.4  Stress may induce catastrophic change 
It is worth including a concrete example to keep this pa-
per self-contained. Both clear lakes, and arid ecosystems fit 
well to the above model, but given the greater experience of 
linking them into socio-economic systems, we will use the 
example of clear lakes following [5]. Fertiliser run-off from 
agricultural communities, and wastewater from other human 
activities can impact clear shallow lakes. The resulting in-
crease in nutrients (“stress”) stimulates the growth of 
phytoplankton. The resulting green turbidity reduces light 
intensity and hence impacts the characteristically lush plant 
growth on the bottom of the lake. This impacts on the small 
animals that feed amongst this vegetation. The fish species 
that feed on such animals, attach eggs to such plants or use 
submerged plants for shelter will then also decline. Finally, 
in response to the reduction in fish species, the number of 
birds visiting the lake will decline. 
 
Fig.5  Resilience is minimal near the tipping points F1 and F2 
A disturbance, or shock, to the ecosystem can be repre-
sented by a vertical displacement from the equilibrium line. 
Such a disturbance in this case might be a sudden increase 
in nutrient levels due to prolonged heavy rain, or a signifi-
cant fish kill. Once the disturbance ceases, the system will 
return to equilibrium (the grey arrows). But note that if a 
large disturbance or shock occurs (represented by the heavy 
black arrows) near to the point F2, it may tip the system into 
the second highly turbid stable state. 
B. Resilience and Sustainability 
It is still hard to gain a consensus on the semantics of 
sustainability as a concept. During the lead up to the Local 
Agenda 21 actions at the end of the last century, the 
Brundtland Commission defined sustainable development 
as: “development that meets the needs of present genera-
tions without compromising the ability of future generations 
to meet their needs” [26]. This is worthy, but a little hard to 
operationalise; does it mean that we should wind down oil 
consumption in case a future generation has a greater need 
for it, for example? 
An alternative approach is to consider the sustainability 
of a social-ecosystem in terms of its capacity to absorb 
shocks and chronic stress [13]. The concepts of resilience 
and the adaptive cycle then become important in guiding 
studies to aid the effective monitoring and management of 
complex (socio-economic, digital and natural) ecosystems. 
Provided we can identify all the key variables in an ecosys-
tem, we may be able to combine theoretical and empirical 
analyses to develop a model of its response to change. As 
we have seen in the previous section, such models may need 
to be non-linear or even chaotic [5]. 
The adaptive cycle reminds us that sustainability should 
not be equated with stasis. A natural ecosystem may have a 
need to periodically cycle through instances of the adaptive 
cycle in order to avoid moving into a situation where a 
small disturbance could trigger a dramatic or catastrophic 
switch into an alternative stable state. A well-known exam-
ple of this is the impact of fire control in temperate forests. 
Small scale, local, fires (, release, phase) clear forest de-
bris and lead to new growth, regeneration and gradual trans-
formation back to a climax vegetation (  r  K). At-
  
 
tempts to control this natural cycle lead to a widespread and 
deep accumulation of forest debris. The potential for a 
catastrophic forest fire then builds up leading to at best a 
release phase that is hard, costly and extremely risky for 
humans to control, and at worst opens the risk of transfor-
mation into a new stable state (perhaps regeneration is 
dominated by a non-native water greedy tree species, that 
locks out recovery by the previous vegetation). 
Things become more complex (and more relevant to 
digital ecosystems) when we include human social and eco-
nomic interests into the ecosystem models. At this point we 
will quite often (perhaps usually) move away from closed 
cycles around the adaptive figure of eight. The release 
phase may be triggered by a factor internal (“revolution”) or 
external (“remember”) to the system. The ecosystem then 
needs (as humans are now involved, aspects of intention be-
come relevant) to reorganise into a different state in order to 
succeed in progressing through the exploitation phase into a 
new (quasi-stable) conservation phase. 
Gunderson and Holling [12] use the example of the Flor-
ida Everglades to demonstrate the institutional response to a 
series of ecological crises over the last century. Essentially 
the tensions there are between water management to support 
increasing economic development in a natural ecosystem 
where widespread flooding (release phase) was an impor-
tant part of the latter‟s adaptive cycle. To summarise 
briefly, we list here the institutions that were generated, to-
gether with the crisis that triggered the reconfiguration: 
 1903, Everglades Drainage District (Flood) 
 1947, Central and Southern Florida Flood Control 
District (Flood) 
 1971, South Florida Water Management District 
(Drought) 
 1983, Everglades Coalition (perception of switch to 
new ecological state and fear of pollution through 
high rainfall) 
 1989, Everglades National Park Protection and Ex-
pansion Act (Costly water quality lawsuit) 
A full description of the evolution of the Everglades so-
cial-ecosystem can be found in [25]. The important point 
here is that the Florida Everglades social-ecosystem went 
through a sequence of “release” and reorganisation phases 
as memories of the consequences of external shocks trig-
gered the emergence of new institutions. These can be 
thought of as representative of new states in the history (on-
togeny) of a complex adaptive socio-economic system. Col-
lective memory in the system (hopefully) prevents reversion 
to an earlier, less resilient, state. Collective intention, in so 
far as it exists, helps the system to reorganise following re-
lease phases into states that are (hopefully) more resilient to 
external and internal tensions. 
The development of well-informed models of social-
economic systems is absolutely essential for continuing to 
guide the reorganisation of complex social-ecosystems fol-
lowing a release phase. 
VI. LESSONS FOR DIGITAL ECOSYSTEMS 
The motivation behind the writing of this position paper 
was to raise awareness of an extensive corpus of empirical 
and theoretical studies of social-economic ecosystems that 
has shown real benefit in informing decisions in the man-
agement of such systems. Out thesis is that much of this 
work can form the foundation for similar studies of digital 
ecosystems. 
We can already draw some provisional conclusions that 
are informing our own work and that of other partners in the 
OPAALS Network of Excellence [20,21]. We have seen 
that a key impactor on resilience of an ecosystem is the abil-
ity of the species that interact in that system to be able to 
maintain key functions as conditions vary [19]. The concern 
with current digital ecosystems is that they are often, per-
haps always, focused around a single or a small number of 
centralised hubs. This provides a fundamental limitation on 
the response diversity of digital ecosystems. As with any 
natural ecosystem [13], we believe that the “functional di-
versity of species that support critical structuring processes” 
[5] is critical to the resilience of any digital ecosystem. Re-
ferring back to our view of enterprises as (one kind of) spe-
cies within digital ecosystems, we believe that this requires 
us to develop digital infrastructures that respect and support 
the autonomy of small to medium sized enterprises (SMEs); 
the long tail of diversity in any resilient digital ecosystem 
[22]. 
Whilst some of the modelling from social-ecosystems 
may be directly relevant to digital ecosystems, there are 
some important distinctions too. For example, we men-
tioned that an agent might interact with more than one digi-
tal ecosystem. This is because in general, an agent may take 
multiple roles – a human agent, for example, may interact in 
a work related ecosystem, and an interest related ecosystem 
without cross-over between these roles. However, it is pos-
sible that one or more agents may identify a potential join 
between two previously separated ecosystems. As a con-
crete example, at the time of writing we are working to ar-
range funding to support a join between tourism and envi-
ronmental/nature conservation digital ecosystems in India. 
This is an important form of innovation and can see the 
merging of two previously disjoint ecosystem ontogenies. 
We do not believe such merges have so far been studied. 
There is a more private agenda too. We believe that ef-
fective use of digital ecosystems could lead to changes in 
lifestyles and working practices that could have significant 
environmental benefits (reduction in business travel, rural 
regeneration, for example). Our hope is that bringing an un-
derstanding of the dynamics of natural ecosystems into the 
science of digital ecosystems could help raise awareness of 
the importance of and lifestyle benefits to be gained by, a 
more holistic way of living. 
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